This article discusses the issue of noise measurements application for the quality assessment of the solar cells themselves and production technology alike. The main focus of our research is the random n-level (in most case just two-level) impulse noise, usually referred to as microplasma noise. This noise was found to be in a direct consequence of local breakdowns in micro-sized regions and brings about a reduction of lifetime or a destruction of the pn junction. Non-destructive measurement methodology as presented here is suitable for testing of a large number of various semiconductor devices not only for solar cells. In this paper experimental measurement of noise signals in the frequency and time domain is presented. Furthermore the microplasma noise behaviour and defect geometry is discussed.
Introduction
The low efficiency and relatively high production cost is still central problem of photovoltaic systems. It should be noted that the "traditional" thin silicon solar technology is most widespread and use low cost materials and well known production process. In order to improve efficiency the new diagnostic methods and defects description are very good approach. We introduce the solar cells noise diagnostic methods. It is suitable for e. g. electrolytic capacitors, resistors or indeed semiconductor devices quality assessment (see [1] ). The main advantage is non-destructive character of testing and possibility to make test during ordinary operation of the device. So, our research is focused on single-crystal silicon solar cells manufactured by the diffusion technology. The pn junction of these cells is usually quite large (typically 10 4 mm 2 ) with a total thickness of about 250 µm. It seems to be easy detected noise signal and identify/assess it. Due to large pn junction area we observe complicated noise signal as a result of many noise sources (many defects). The main problem is separation of defects contribution regardless noise nature.
Observed noise signals -A type noise (microplasma noise)
As mentioned earlier we can observe number of different noise sources or their superposition respectively. In many cases their nature and cause is unknown. Therefore we use categorizing name notation such as A-type or B-type etc. The A-type noise usually appears at sufficiently high reverse voltage, yet lower than the breakdown voltage of the complete defect-free junction regions, and they are caused by avalanche ionization breakdown. This noise is known as the microplasma noise and it is the focal point of our study at present. Figure 1 depicts microplasma current noise in the time domain. The microplasma noise appears as a result of local defects (local changes of electric strength) and in global scale designates quality of sample. Therefore, the obtained results may be directly used for non-destructive diagnostics and quality assessment of the solar cell pn junctions or space charge regions, respectively (conductivity of semiconductor base material is significant).
The principal question is relating to defect geometry now. However, before we discuss this, we wish to introduce barrier capacitance measurement results. The measurement technique is based on "Auto balancing bridge method", and C-U characteristics show that the distribution of doping impurities in thermal equilibrium is comparable with so-called abrupt pn junction, see [2] , [3] . One of the results of the numerical analysis of the pn junction is the value of the depletion region width d (defect free region) for the case of zero reverse voltage U R . The value of the width is approximately d = 0.6 µm for various specimens. Consequently, for conditions of avalanche ionization breakdowns (inductive of microplasma noise) and abrupt pn junction geometry the breakdown voltage U BR can be expressed as, [2] , [3] 
(1)
Here E BR is the breakdown electric field intensity, N 1 is the impurities concentration (in our case concentration of acceptors, one-sided approximation was used), e is the elementary charge and ε, ε 0 are permitivity. The breakdown electric field strength is only weak dependent on the impurities concentration and for silicon is approximately 5·10 7 V·m -1 . The equation (1) is now relation between two variables, U BR and N 1 . Let us consider the depletion region width d as mentioned before. It can be express as [3] 
(
Here U is the applied reverse biased voltage on the pn junction. The equation (1) and (2) pointed to that the local defect may be caused by deviation of local impurities concentration or/and foreign matter presence etc. In case of solar cells we have typically several of these local defects with various breakdown voltages U BR . Hence, when we increase the pn junction reverse voltage, we can observe astable noise process as in Fig. 1 , his permanent ionization and originating new ones. Figure 2 illustrates temperature dependence of breakdown voltage and positive temperature coefficient relating to avalanche breakdown is evident. The curve A matches the point where astable process starts and in contrast to curve B where process disappears. So, astable current fluctuation is possible to observe only in voltage interval ∆U = 910 mV. The defect geometry is possible to obtain again from CU measurement using Eq. (1), (2) for known breakdown voltage. We use wellestablished presumption about space charge region thickness fluctuation and manage to us obtain information about defect region thickness. It varies for different samples and defects from 0.2 µm to 0.5 µm. For more information see [4] . 
Noise in spectral domain
The microplasma noise is in the spectral domain has a generation-recombination noise (G-R noise) character. G-R noise is caused by free charge carrier fluctuation as a result quantum transition of carriers between the conductive and valence band (carriers capture and release). It is clear that physical nature of microplasma noise is quite different and temperature investigations are necessity (see Fig.2 ). The experimental results of power spectrum density (PSD) measurements are depicted in Fig. 3 . Noise signal was sampled and FFT algorithm was used for spectrum determination.
This kind of noise can be mathematically described as the Marcovian Poisson process and it is possible to derive analytical formula based on impulse creation and destruction probability. Therefore, noise spectrum may be analyzed using approximation procedure as shown in Fig. 3 . It should be mentioned that by curve fitting in Fig. 3 in according to analytical formula (more information in [1] ) mean value of impulse time duration t 1 and separation t 2 may be determined (in case of sample K2 and U R = 10.5 V, t 1 = 7.7·10 -4 s and t 2 = 9.0·10 -3 s).
Nevertheless, it should be noted here that microplasma noise is not only one observed noise type. Therefore the power spectrum density has been measured for a wide range of reverse voltages U R up to 12 V with fine voltage step 50 mV and spectrum development has been monitored. The experimental results example is depicted in Fig. 4 . Noise composition is usually very complicated and we distinguish four noise types. So, microplasma noise, flicker noise, thermal noise and shot noise. All of this signal except microplasma noise pertinent to bulk processes and inhomogeneties and are left out of consideration in this paper.
Narrow band noise measurement
For purposes non-destructive testing in production industry or/and if we want known only number of microplasma regions, it is not necessary complicated PSD measurement make. The results indicate that G-R spectrum have not neglectable power in the frequency range where others noises are not significant. This effect consecutively leads to the other measurement philosophy. We can measure only narrowband noise signal on the center frequency e.g. 3 kHz (see Fig. 3 ). We use the selective nanovoltmeter with high selectivity and effective noise bandwidth of about 30 Hz. The mean effective value (integration time is t ≈ 3 s) of narrowband signal is measured via the DC voltmeter. Figure 4 depicts this experimental obtained narrowband signal. It is interesting to see that microplasma regions are very close bounded and smaller peaks indicate another type of noise presence. It is distinguished by the small junction area (only fragment of a whole solar cell) and due to the fact it is possible to study just only two local defects. For narrow band measurement here was chosen center frequency 3.4 kHz. 
Summary
In the present work, we carried out experiments of the noise measuring of solar cells. These samples are usually very large and contain number of defects and due to this fact we study superposition of several noise sources. In order to noise type identify, we study I-V characteristics, power spectrum densities, C-V characteristic and of course noise in the time domain. The experimental results of measurement are briefly presented in this paper. During study of the solar cells, several types of noise have been distinguished. The most considerable is microplasma noise because of direct connection with local imperfections. It could be possibly attributed to the local avalanche breakdowns in micro-sized regions and it is very good tool for quality assessment. Another noise types are probably caused by thermal breakdowns and bulk inhomogeneties in the solar cell. Hence, explanation of its behaviour is difficult and still it is the object of our research. 
